Abstract -The detection of broken rotor bar faults based on the started by utilising an adaptive signal cancellation technique common steady-state Fourier transform technique is known to to remove the fundamental component of the starting current. be dependent on the loading condition and the quality of the The residual current was then processed through a discrete supply. This paper attempts to minimise these issues by utilising wavelet transform, where the wavelet coefficients were used the induced voltage in the stator windings after supply to differentiate between healthy and faulty motors. The work disconnection. When the supply is disconnected, the stator to usedthe wee n theHlty trsfork current rapidly drops to zero and the only source of the stator in [6] used the wavelet transform on the Hilbert transform of induced voltage an instant after the supply disconnection is due the starting current signal, where the resultant wavelet to currents in the rotor. The rotor currents are sensitive to coefficient was then processed to compute what was called the broken rotor bar faults and directly affect the rundown induced wavelet ridge. The wavelet ridge was shown to be able to voltage in the stator windings. The performance of two different differentiate healthy and faulty motors. broken rotor bar detection techniques, based on the Fourier Another alternative to minimise the potential problems in transform and the wavelet transform, are investigated over a detecting a broken rotor bar fault is to utilise the induced wide range of loading conditions.
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I. INTRODUCTION When the supply is disconnected, the stator current rapidly drops to zero and the only source of the stator induced voltage The broken rotor bar (BRB) fault is one of the most an instant after the supply disconnection is due to currents in commonly investigated faults in induction motors. Broken the rotor. The rotor currents are sensitive to broken rotor bar rotor bar faults are usually detected by utilising the Fourier faults and directly affect the rundown induced voltage in the transform (FT) of the steady-state stator current [1] - [3] . The stator windings. In particular, a broken rotor bar can cause the techniques usually measure the broken rotor bar sideband (1) rotor current distribution to become distorted, and hence magnitudes, where the magnitudes of the faulty motor are produce characteristic harmonics in the induced voltage.
higher than the magnitudes of the healthy motor. It is also Broken rotor bar detection using the induced voltage during found that the greater the severity of the fault, the higher the rundown has been reported previously in [7] and [8] . The magnitudes of the broken rotor bar sidebands. However, the work in [7] was based on a 3 hp, 3-phase, four-pole induction magnitudes of these sidebands are sensitive to the level of motor under a particular load and with a particular broken bar load and to supply harmonics. For example, the broken rotor fault. It was shown that significant differences between the bar fault is more difficult to detect when the load is low and amplitudes of the harmonics of healthy and faulty motors can the quality of the supply is poor (i.e. contains a lot of time be observed in the first 5 cycles (after disconnecting the harmonics).
supply) of the induced voltage. It was reported that the amplitudes of the 35th and 37th harmonics show the most fBRB = f(I ± 2s)
(1) differences, where the magnitudes of the faulty motor are significantly higher than the magnitudes of the healthy motor.
where fBRB is the broken rotor bar sidebands, f is the supply However, the technique has not been investigated under frequency, and s is the slip. different severities of broken bar fault, different motor sizes, One alternative to reduce the effect of load is to utilise the and different loading conditions. Similarly, the work in [8] starting current. The starting current is typically 5 to 6 times investigated the harmonics of the rundown induced voltage by the rated current and is not sensitive to the level of load. Also utilising MUSIC (Multiple Signal Classification) . It was during starting, the rotor currents are high and so rotor faults shown that this technique is more effective than the FFT and should be more evident than under steady-state operation.
is not affected by the loading conditions. Investigations involving detecting broken rotor bar faults This paper aims to investigate the limitations and using the starting current have been reported previously in [4]-effectiveness of broken rotor bar detection using the [6] . The work in [4] described how the envelope of the harmonics of the induced voltage after supply disconnection starting current can be used to differentiate between healthy under multiple loading conditions and different sevenities of and faulty motors by means of wavelet indicators. It was broken rotor bar fault. In addition, the paper also proposes shown that the greater the severity of the broken rotor bar another method for detecting broken rotor bar faults during fault, the higher the wavelet indicator. The investigation in [5] rundown by utilising wavelet analysis to detect the change in the motor output torque for a given value of slip. disconnection, and so can be affected by broken rotor bars. The experimental results were obtained using a purposely "sym3" wavelet is chosen because it can highlight the broken built test rig based on a high-speed data acquisition system (2 rotor bar features found i the experimental results.
x DAQPAD-6052E boards from National Instruments, Fig. 2 (right) , where a section of the winding (3). This time representation of the induced voltage rotor end-ring has been cut completely away. The broken will be used to determine the number of samples that the rotor bar faults were simulated by cutting a narrow slot induced voltage needs to reach a fixed decay threshold (4). through the end-ring next to the lamination stack using a small
The wavelet transform of the induced voltage is then used in diameter milling cutter to break the electrical connection order to extract the relevant scale (i.e. frequency) and time between the rotor bar and end-ring. This method is used to information of the signal (5). The resultant wavelet minimise the disturbance to the rotor end-ring currents which coefficients are then processed to determine the wavelet scale of the component with the maximum value, which should be the fundamental component, at the beginning of the signal and at the end of the signal. The difference between the wavelet scales of the peak at the beginning and at the end of observation interval is proportional to the change in the fundamental frequency and hence the speed. This change in the wavelet scale, Aa, will be used as a feature for detecting broken rotor bar faults (6). would occur if more of the end-ring was removed.
where the rundown induced voltage has a smaller frequency A separately-excited DC machine with a resistive load was change with time. used to load the test machine. This produced a load torque Fig. 4 presents comparisons of four broken rotor bar which varied approximately linearly with motor speed. For harmonics for the healthy and faulty motors under different example, when the machine was disconnected from the supply loading conditions. These harmonics are expected to be larger at full load, the load torque also decays at a rate proportional in the faulty motors than in the healthy motor because of the to the motor speed. The 00 of rated slip given in the figures discontinuities in the rotor current distribution. In addition, was calculated using the slip of the machine during steadythey are expected to increase as the severity of the fault state operation.
increases. Note that the peak detection algorithm will set the magnitude to -100 dB when it cannot detect any components B. Fourier Transform Results and Analysis at the specific harmonic, as shown in the 15th harmonics case. Fig. 4 shows that the 5th harmonic of the faulty motors is The power spectrum of the first five cycles of the rundown stronger than the same harmonic of the healthy motor under induced voltage of the healthy motor running at no load and at all loading conditions. However, the harmonic behaviour with rated slip (full load) are shown in Fig. 3 increasing fault severity, where the magnitude should increase Fig. 7 shows that the change in wavelet scale Aa tends to with increasing fault severity, is not always as expected. For increase proportionally with the slip (and hence load torque). example, the 5th harmonics of JBRB and 2BRB are slightly
The figure also shows that Aa tends to decrease as the severity larger than the 5th harmonic of 4BRB at 5% load, while the 5th of the broken rotor bar fault increases. harmonic of 4BRB is in fact stronger than the 5th harmonics of The feature, Aa, can be used to distinguish and separate the 2BRB and JBRB at 15% load. In addition, the 5th harmonics different levels of broken rotor bar fault, and hence Aa can be have no consistent pattern with the different loading considered as a useful broken rotor bar feature, especially at conditions. For example, the 5th harmonic of JBRB =-54.1 dB mid to higher loads. at 5% load, then it goes down to -63 dB at 15% load, and it Fig. 8 shows measurements taken for more load levels than increases again to -50 dB at 45% load. Similar inconsistency Fig. 7 
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Thus for a given value of slip, the rate at which the speed 1 decays will decrease as the fault severity increases. slip.
estimating the motor torque based on the deceleration rate carried out with the motor in the healthy state to develop a after supply disconnection, and then correlating changes in baseline response, and is also sensitive to changes in load, motor torque with the broken bar fault severity, the approach system inertia, rotor temperature and supply voltage. is sensitive to changes in system inertia, rotor temperature and supply voltage. It is also sensitive to rapid fluctuations in Operating slip / rated slip (%) 
